Introduction
Shimizu et al. (2008, hereinafter S08) presented an interesting case study of a rare severe nontornadic storm over the Kanto Plain in Japan-a storm that we contend was in fact a supercell. S08 labeled this as only a ''supercell-like storm'' based on perceived similarities and differences to supercells that occur across the U.S. Great Plains. The authors further suggested that midtropospheric relative humidity (RH) is an environmental factor involved in the formation of supercells, and as such somehow helped produce supercell-like characteristics in the Kanto Plain storm.
The purpose of this comment is to elaborate on the storm characteristics and its environment, and to demonstrate that it indeed was a supercell by conventional definitions. Whether or not to call the Kanto Plain storm a supercell may appear to be semantics; however, to operational forecasters the proper early identification of a storm as a supercell has important implications for the warning process (e.g., Moller et al. 1994) , as is discussed in more detail below. Attention also is drawn to moist supercellular environments in the United States to show they are not that different from the environment of the Kanto Plain supercell; in fact, they may be considerably more moist.
Supercell definitions and the Kanto Plain storm a. Supercell definitions
The general definition of a supercell is a convective storm with a deep, persistent mesocyclone (or mesoanticyclone) that has a relatively high positive (or negative) correlation between vertical vorticity and vertical velocity (r $ 0.4; Weisman and Klemp 1984) .
1 Rotation is first observed in the midlevels of a supercell due to tilting of environmental horizontal vorticity into the updraft followed by subsequent stretching (Davies-Jones 1984) . The depth and persistence of the circulation, as well as the minimum vertical vorticity magnitude (or tangential shear of the radial velocity when evaluated with singleDoppler data), have been defined in a variety of ways (Table 1 ). The latter criterion typically is associated with 1 The correlation between vertical vorticity and vertical velocity does not reach unity because, among other things, the notion of a purely rotating updraft is ideal. Lemon and Doswell (1979) suggested that the ''rotating updraft'' evolves to a divided mesocyclone as the supercell matures (i.e., the mesocyclone comes to include regions of downdraft); as such the updraft is more aptly described as ''spiraling'' (e.g., Fankhauser 1971, see his Fig. 19 ). This divided mesocyclone structure is most prevalent in the lower troposphere, and less apparent from the midlevels upward where the mesocyclone and updraft can remain significantly associated. a minimum single-Doppler velocity differential of 22-30 m s 21 across the mesocyclone/mesoanticyclone. Moreover, the observed velocity differential or tangential shear is range dependent (e.g., Stumpf et al. 1998) , with lower thresholds at farther ranges because the measured peak velocity values-relative to the true values-decrease with range as a result of beam broadening (e.g., Donaldson 1970) .
In their operational study of tornadic versus nontornadic supercells, Thompson et al. (2003) employed a minimum time criterion of 30 min and a minimum azimuthal shear threshold of 0.2 3 10 22 s 21 (calculated using 1-km resolution velocity data) through only the lowest two elevation angles of the radar in order to identify a storm as a supercell. This shear threshold corresponds to a minimum velocity differential of 20 m s 21 across not more than a 10-km width, and is slightly lower than the minimum vertical vorticity value given in Table 1 . Thompson et al. (2003) additionally required the presence of reflectivity signatures such as hook echoes or inflow notches for their right-moving supercells. Although this definition of a supercell differs somewhat from those cited in Table 1 , it still represents the triad of rotation, depth, and persistence that have become the hallmarks of a supercell.
b. Supercellular characteristics of the Kanto Plain storm S08 did not consider the Kanto Plain storm a supercell primarily because they thought that rotation of sufficient strength did not persist long enough. Nevertheless, the maximum midlevel vertical vorticity for the Kanto Plain storm, derived from a dual-Doppler analysis, exceeded 1 3 10 22 s 21 for 30 min from 1154 through at least 1224 Japan standard time (JST; S08, 2395 -2396 . And at 1224 JST the maximum vertical vorticity was .1.2 3 10 22 s 21 at 4 km MSL. This is at or above the most stringent minimum criteria for vertical vorticity and persistence given in Table 1 (i.e., $1 3 10 22 s 21 and $30 min, respectively). Furthermore, the Kanto Plain storm displayed a hook echo and bounded weak-echo region (BWER) during this time as shown by S08 (p. 2396 and p. 2399, respectively), which is further evidence of organized storm-scale rotation. The hook echo actually persisted until 1236 JST according to S08 (p. 2405). These items alone are enough to garner supercell status for the Kanto Plain storm; hence, it is not clear why the storm would be labeled as only supercelllike. Marwitz (1972, p. 166) went so far as to say that ''a hook near cloud base is probably a sufficient condition to identify a particular storm as a supercell storm.'' Indeed, Browning (1964) established the structure of a supercell using only reflectivity data-well before Doppler radar data were readily available to ascertain vertical vorticity.
Over half of the mesocyclone definitions cited in Table 1 have a lower bound of vertical vorticity/ tangential shear around 0.5 3 10 22 s 21 . This is shown clearly in Burgess (1976, see his Fig. 3) as well as in Burgess and Lemon (1990, see their Fig. 3.4) . There was no evidence for a lower bound of 1.0 3 10 22 s 21 in Burgess and Lemon (1990) , as was suggested by S08. The mesocyclonic stage of the Kanto Plain storm, therefore, would have been longer than 30 min using the lower bound of 0.5 3 10 22 s 21 . Even though S08 stated that maximum vertical vorticity was ,0.4 3 10 22 s 21 before 1154 JST, this was calculated below 4-4.5 km MSL. Yet Burgess (1976) suggested scanning from 3 to 7 km AGL to detect the midlevel mesocyclone, which is where rotation typically is strongest and first observed during its nascent stage (Burgess et al. 1982) . Since S08 did not provide vertical vorticity calculations from Doswell and Burgess (1993) 3) At least one-third of the convective storm's depth Moller et al. (1994) , Doswell (1996) 4) $3 km Burgess (1976) , Stumpf et al. (1998) Persistence of circulation 1) $10 min Donaldson (1970) , Burgess (1976) , Stumpf et al. (1998) 2) On the order of a few tens of minutes Doswell and Burgess (1993) , Moller et al. (1994) , Doswell (1996) Brandes (1993), Moller et al. (1994) , Doswell (1996) , Weisman and Rotunno (2000) 4 to 7 km AGL, it is difficult to say how long the midlevel rotation actually persisted. It is noted that Weisman and Klemp (1984) suggested that supercells last for .60 min. However, this was not part of any formal definition of a mesocyclone, and furthermore, their study focused on modeling (versus observations) of supercell thunderstorms. The mesocyclone persistence criterion of 10-20 min posited by the studies mentioned in Table 1 is based on the convective time scale (see also Rotunno and Klemp 1985, p. 271) and/or the time continuity for at least half a revolution at the radius of maximum wind. The time for half a revolution can be as little as 6 min according to Burgess (1976, p. 99) , who reported four mesocyclones with lifetimes of 15-30 min. Even the time for a 6-km diameter mesocyclone to make a half revolution at a modest rotational velocity of 10 m s 21 is only 15.7 min. Consequently, although supercells can be rather long lived ($4 h, Bunkers et al. 2006a ), short lifetimes of 20-60 min are not unusual.
Further evidence of supercell processes in the Kanto Plain storm is revealed by its motion. It is well known that supercells deviate from the mean wind in a direction transverse to the vertical wind shear (e.g., Marwitz 1972; Browning 1977; Weisman and Klemp 1984; Bunkers et al. 2000; Zeitler and Bunkers 2005) . At times this can produce a ''reverse S-shaped'' storm track (Fankhauser 1971 , see his Fig. 3 ). For the Kanto Plain storm, the observed motion from 1200 to 1230 JST nearly matched the predicted right-moving supercell motion ( Fig. 1) , strongly suggesting that supercell processes were active (Weisman and Klemp 1984; Rotunno and Klemp 1985; Weisman and Rotunno 2000) . In fact, the radar images from 1124 to 1242 JST (S08, see their Fig. 8 ) suggest the motion was very steady, and similar to the predicted supercell motion in Fig. 1 . It was not until around 1242 JST that the storm motion transitioned toward the eastsoutheast, closer to the mean wind and left of its previous track. Collectively, the above information suggests that the Kanto Plain storm may have been supercellular for at least an hour.
Why should anyone care whether the Kanto Plain storm was a supercell or not? Taxonomy is not necessarily the answer. Rather, it is the implications of supercell processes within a storm that are crucial. Operationally, identification of a supercell means that severe weather is much more likely than if the storm is not a supercell (e.g., Burgess and Lemon 1991; Moller et al. 1994) . Studies consistently have revealed that 90% or greater of supercells are severe (e.g., Burgess 1976; Burgess and Lemon 1991; Bunkers et al. 2006a) . Therefore, proper early identification of the Kanto Plain storm as a supercell potentially would have been critical for early warnings of severe convective weather. In support of this early identification, a change in storm motion away from the shear vector may have been a sign that rotation had commenced in the midlevels-important at large distances from the radar if corroborating velocity data are not available.
c. Supposed differences between the Kanto Plain supercell and a typical supercell S08 (p. 2399) stated that the Kanto Plain storm was different from a typical supercell as indicated in the following sentence: However, this storm had two different characteristics from those of a typical supercell storm; a single principal intense and cyclonically rotating updraft was not maintained for a long time (another new updraft was generated), and the downdraft in the rear side of the storm was weak.
Considering the first point, Weisman and Klemp (1984) stated that supercell dynamical structures do not preclude the existence of multiple cells (and hence multiple updrafts). For example, the gust front can move ahead of the updraft region (possibly wrapping around it), sometimes producing a new updraft and mesocyclone (e.g., Brooks et al. 1994; Adlerman and Droegemeier 2005) . Observations of supercells with multiple-updraft Here, V obs (filled triangle) represents the observed supercell motion and V RM-fcst (plus sign) represents the predicted right-moving supercell motion as computed in Bunkers et al. (2000) . Refer to Table 2 for variables calculated from this hodograph.
structures are actually common in the literature (e.g., Browning 1977; Foote and Frank 1983; Vasiloff et al. 1986; Nelson 1987; Doswell et al. 1990; Przybylinski et al. 1993; Glass and Truett 1993; Hö ller et al. 1994; Kulie and Lin 1998; Glass and Britt 2002) . Thus, the fact that a new and weak updraft formed immediately downshear of the Kanto Plain supercell is congruent with supercell observations across the United States and elsewhere. The apparent weakness of the rear-flank downdraft (and hence the weak outflow) in the Kanto Plain supercell was a second reason cited by S08 as to why this was not a typical supercell. However, we do not agree that a weak downdraft, or weak inflow and outflow, would disqualify a storm from being classified as a typical supercell for a variety of reasons, as discussed next.
The Kanto Plain supercell had a peak updraft speed near 12 m s 21 and a peak downdraft speed near 26 m s 21 (S08; calculations only available below 4-4.5 km MSL). These speeds, though somewhat weak, are by no means atypical of supercells. Many observations have been made of supercells with downdraft speeds at or near the speeds exhibited by the Kanto Plain supercell (e.g., Musil et al. 1986; Vasiloff et al. 1986; Knupp 1987; Brandes 1993; Dowell and Bluestein 1997; Cai and Wakimoto 2001) . Numerical studies have shown similar results and demonstrate that the downdraft speed should be a fraction of the updraft speed (e.g., Grasso and Cotton 1995; Kulie and Lin 1998; Gilmore and Wicker 1998, hereafter GW98) . Since the updraft was relatively weak, it makes sense that the downdraft speed would be low by these arguments. S08 attributed the relatively weak downdraft to evaporative cooling-based on the results of their numerical simulation. It is worth mentioning that strong shear, noted on the Tateno, Japan (TAT), hodograph ( Fig. 1 , discussed further in section 3 below), may have helped limit downdraft strength because of entrainment effects (Weisman and Klemp 1982; GW98) . Another reason for the relative downdraft weakness may have been the level of the dry air. As seen on the TAT sounding (Fig. 2) , the dry air existed above 3.5 km AGL. GW98 observed in their supercell simulations that the downdrafts were weaker given a higher placement of dry air (their simulation used a height of 3.5 km AGL). They also noted that with the dry air at a higher level, the strongest low-level outflow was delayed. This is consistent with S08, as the downdraft of the Kanto Plain supercell strengthened with time.
Not only was the supposedly weak downdraft unimportant to the formation of the Kanto Plain supercell, a downdraft may not even be necessary for the formation/ maintenance of a supercell. Rotunno and Klemp (1985) numerically simulated a supercell with and without precipitation processes, and found that even with the rain turned off in the model, the storm exhibited midlevel rotation and traveled to the right of the vertical wind shear vector (though the storm did lack low-level rotation). This is because midlevel rotation originates from the tilting of environmental horizontal vorticity into the vertical by the updraft (Davies-Jones 1984; Rotunno and Klemp 1985)-not by downdraft processes.
Regarding storm-relative inflow and outflow velocities, S08 referenced Ray et al. (1981) in quantifying the values for a ''typical supercell''-20 m s 21 . One concern with this is that Ray et al. (1981) focused on strong, tornadic supercells in an environment considerably more unstable and with stronger low-level shear than that of the Kanto Plain supercell. A second concern is that this was for only one event; it was not a climatology. Thus, the values given for a strong tornadic supercell may not be representative of a nontornadic or weakly 21 , respectively. Temperature is given along the abscissa (8C) and pressure is plotted along the ordinate (hPa). The two thick dashed lines in the boundary layer represent modified temperature profiles for observed surface conditions and dry adiabatic lapse rates at Koga (248C, 1120 JST) and Sakura (278C, 1210 JST) just prior to passage of the Kanto Plain supercell (as given in S08). The moist adiabat for the Sakura mixed-layer parcel is also highlighted by the thick dotted line. Refer to Table 2 for variables calculated from these profiles.
tornadic supercell (e.g., Kerr and Darkow 1996, see their Fig. 9) , especially for one with a weaker updraft. The 0-3-km storm-relative wind (SRW 0-3 ) for the Kanto Plain supercell (Table 2) is not all that weak (as suggested by S08) compared to values reported in Kerr and Darkow (1996) and Bunkers et al. (2006b) ; soundingderived SRW 0-3 of 20 m s 21 is considered well above average, or even extreme. In the case of the Kanto Plain supercell, and as suggested by GW98, it appears that it was not the velocity of the inflow, but rather the balance between the storm-relative inflow and outflow that was important in maintaining the Kanto Plain supercell (which was not tornadic). Eventually this balance was lost, and the outflow most likely cut off the buoyant and moist inflow. This evolution would agree with numerous numerical studies (e.g., Klemp 1982, 1984; Brooks et al. 1994 ) that show the gust front (outflow) only becoming detrimental to the maintenance of updraft when it undercuts the storm-relative inflow.
The preceding discussion illustrates that the perceived weakness of the downdraft did not preclude the Kanto Plain storm from being a supercell. Furthermore, the relatively weak-but not atypical-updraft and downdraft speeds are consistent with the observed stormrelative inflow and outflow, respectively.
Environmental reevaluation
As noted in S08, the environment of the Kanto Plain storm was favorable for supercells. However, in this section several subtleties of the environment that were either misinterpreted or not highlighted in S08 are examined and discussed.
The convective available potential energy (CAPE) of 1000 J kg 21 reported by S08 is assumed to be surface based (SBCAPE). Note that this is lower than our value of 1124 J kg 21 (refer to the ''unmodified'' column in Table 2 ) because of the virtual temperature correction. S08 cited Bluestein and Jain (1985) to indicate this SBCAPE was small relative to environments over the Great Plains for Oklahoma supercells. Although this is a relatively small value of SBCAPE, Bluestein and Jain calculated a mixed-layer CAPE (MLCAPE) using a parcel depth of 500 m, which mostly results in values less than that for a surface-based parcel (Craven et al. 2002) . Moreover, Bluestein and Jain's study was not representative of a climatology; only nine supercell environments were used to calculate their average MLCAPE. S08's SBCAPE value, therefore, is not directly comparable to the results of Bluestein and Jain (1985) . This discussion highlights a frequently observed problem in academic and operational meteorology whereby CAPE is computed using differing parcels, but comparisons between values are not always made on a consistent basis.
The 1000-m MLCAPE for the unmodified TAT sounding (458 J kg 21 , Table 2 ) is considerably smaller than the SBCAPE, in accord with the results of Craven et al. (2002) . S08 claimed the SBCAPE of 1000 J kg 21 is relatively large for TAT in May, but the more realistic MLCAPE of 458 J kg 21 is rather small when compared to the MLCAPE distributions associated with supercells and severe convective weather given in Rasmussen and Blanchard (1998) , Thompson et al. (2003) , and Craven and Brooks (2004) .
2 And if the TAT sounding is modified for the surface temperature 20-30 min before the Kanto Plain supercell passed by two observation sites ( Fig. 2; Table 2 ), the MLCAPE still would be considered small-to-medium based on these U.S. climatologies. Figs. 1 and 2 , respectively. The SB prefix references the surface-based parcel and ML references a parcel with well-mixed temperature and moisture in the lowest 1000 m (similar to Craven et al. 2002) ; the virtual temperature correction was used for all parcel computations. RH S-7 refers to the surface to 700-hPa relative humidity; Theta-E Diff represents the difference between the surface equivalent potential temperature (u e ) and the smallest midlevel u e (311.9 K at 605 hPa); PW S-3 refers to the surface to 300-hPa precipitable water; and Bulk 0-6 is the shearvector magnitude from the surface to 6 km AGL. An observed storm motion of 3158 at 14 m s 21 (reported in S08) was used to calculate the 0-3-km storm-relative helicity (SRH 0-3 ) and 0-3-km storm-relative wind Thompson et al. (2003) and Craven and Brooks (2004) used a mixed-layer depth corresponding to the lowest 100 hPa of the sounding. Although this is not the same as the lowest 1000 m used herein, to a first-order approximation, 10 m corresponds to 1 hPa in the lower troposphere. Hence, the lowest 1000 m of the atmosphere is equivalent to the lowest 100 hPa (to within 5%-10%; see also Craven et al. 2002) .
Further reanalysis of the environmental data suggests the bulk Richardson number (BRN) was not on the higher end for simulated and observed supercell thunderstorms, although it was miscalculated by S08 and thus appeared to be relatively high for supercells. In fact, our calculated BRNs range from 5 to 24 for the myriad of TAT soundings and parcels used herein (Table 2) ; this is on the lower end of the supercell spectrum (15-45) given by Weisman and Klemp (1984) .
3 For a CAPE of 1000 J kg
21
, the BRN should be ;11 given the TAT wind profile. This was verified with three independent software programs, 4 and differs markedly from the values of 46-47 reported in S08. Consequently, the environment of the Kanto Plain supercell appeared to have relatively modest CAPE given the MLBRN range of 5-13 (Table 2) , which is consistent with the calculated maximum updraft speed.
The 0-6-km shear vector magnitude (Bulk 0-6 ) and the 0-3-km storm-relative helicity (SRH 0-3 )-other measures of supercell potential-were 26.9 m s 21 and 111 m 2 s
22
, respectively (Table 2 ). These are well within the range of recognized values for supercell storms (e.g., Rasmussen and Blanchard 1998; Bunkers 2002b; Thompson et al. 2003; Bunkers et al. 2006b as a rough lower threshold value for mesocyclone formation (but not a necessary condition for the organization of a supercell), their results indicated that this was better suited as a rough lower bound for weak tornadic mesocyclones. Accordingly, Bunkers (2002b) found that SRH 0-3 was ,100 m 2 s 22 for 81 of 479 (17%) right-moving supercell cases.
Supercell evolution and relative humidity
S08 expended substantial effort attempting to explain how purportedly high RH was a factor in the formation and maintenance of the Kanto Plain supercell-like storm.
Our contention is the RH was not a factor in the formation of the Kanto Plain supercell, but rather an influence on the evolution and morphology of the supercell.
S08 claimed the RH was 60%-90% below the melting level for the Kanto Plan environment. Present calculations show the same value of 90% for the upper RH bound, but they also show a slightly drier lower RH bound of 50% in the region below the melting level for the observed TAT sounding (Table 2 and Fig. 3 ; 50%-76% or 50%-63% for the modified soundings, not shown). The peak RH around 90% was only found in a rather shallow layer at 600 m AGL, and then the RH significantly decreased above 700 m AGL (Fig. 3) . Concordantly, the lifted condensation level (LCL) heights increased with time, as did the difference in equivalent potential temperature (u e ) between the surface and midlevels (Table 2) . Atkins and Wakimoto (1991) found that a u e difference of $208C is a reasonable indicator for wet microbursts, albeit their environments had considerably weaker vertical wind shear (and thus less downdraft dilution; GW98) than in the present case. Together, these observations indicate that, with time, the boundary layer became more conducive for downdraft formation via evaporative cooling, and the environment for the Kanto Plain supercell was not exceptionally moist (e.g., Table 3 ). Table 3 , (dashed-dotted line) the Cape Hatteras, NC (HAT), sounding from 1200 UTC 28 Nov 1988 [i.e., indicative of the Raleigh, NC, tornadic environment; see Kulie and Lin (1998) ], and (dashed line) the unmodified TAT sounding in Fig. 2 . The markers indicate the height of the melting level for each of the three RH profiles. Refer to section 4 for the corresponding discussion. 3 The sounding from Weisman and Klemp (1984) portrays wellmixed temperature and moisture in the lowest 1000 m. Hence, their BRN guidance is best compared to MLBRN calculations using a similar depth (i.e., 1000 m or 100 hPa). On the other hand, observed SBBRNs cannot be robustly compared to the guidance of Weisman and Klemp (1984) ; modeling studies with nonuniform potential temperature and/or mixing ratio in the lowest 1000 m are needed for this. Nonetheless, S08 referenced GW98 to make the point that a causative factor of the Kanto Plain supercell-like storm was the midtropospheric RH. Specifically, S08 (p. 2389) stated:
In recent years, the focus has been placed on midtropospheric humidity, which is an environmental factor involved in the formation of a supercell (Gilmore and Wicker 1998). However, GW98 made no statement about supercell formation. Instead they showed results of varying amounts of environmental dry air (i.e., low values of midtropospheric RH) and the vertical placement of dry air on the morphology and evolution of supercells-including supercell longevity and low-level mesocyclone development. In fact, GW98's simulations all had a midlevel mesocyclone associated with the updraft at 30-and 60-min snapshots, clearly indicating the storms were supercells from shortly after inception through a significant portion of their modeled lifetime. And noting the many similarities between the variety of runs, GW98 stated: ''Interestingly, although there are differences in storm depth between cases, the midlevel mesocyclone extends from 3 to 7 km in all three cases. The peak midlevel vorticity is also nearly identical between cases (figure not shown) suggesting that these storms would be indistinguishable when viewed only at midlevels by radar.'' S08 thus seem to have extrapolated beyond the results of GW98 that focus on the morphology and evolution of supercells in dry midtropospheric environments. Although RH is important in the sense of a minimal value necessary to initiate and maintain deep moist convection, the formation of a supercell depends primarily upon the buoyancy and shear proximate to a convective storm, which has been well documented (e.g., Klemp 1982, 1984) .
Recent research by McCaul et al. (2005) and Kirkpatrick et al. (2007) casts further doubt on S08's suggestion the Kanto Plain storm was not a supercell because of the putatively moist environment. All of the simulations by McCaul et al. (2005) and Kirkpatrick et al. (2007) had free tropospheric RH (FTRH) held constant at 90%-well above the implied ''moist environment'' of the Kanto Plain storm as labeled by S08. Despite the FTRH of 90% at all levels, Kirkpatrick et al. (2007) found a mix of nonsupercellular and supercellular storms, with a proclivity toward the latter indicated by increasing levels of CAPE and deep layer shear (see their Fig. 4) . Kirkpatrick et al. (2007) also stated that tests with their model (which included ice physics) confirmed GW98's basic findings that the placement and intensity of very dry midlevel layers affected surface outflow and updraft maintenance-to the extent of weakening thunderstorm updrafts and mesocyclones with time-compared to storms simulated in higher humidity environments. The ''relatively moist'' environment below the melting level in which the Kanto Plain storm developed is insufficient evidence to suggest it could not be a supercell, especially in light of these recent modeling studies (see also Kulie and Lin 1998) .
Finally, S08's statements about supercells in moist environments appear to be unfounded. For example, S08 stated in their introduction (p. 2389) that
The observations of a supercell in a moist environment, such as a subtropical humid region, would afford the opportunity to expand our understanding of the formation mechanism of a supercell thunderstorm.
And on the following page:
However, the number of case studies of supercells in moist environments is inadequate to clarify the environmental TABLE 3. A summary of variables relevant to the current study from soundings representative of the seven long-lived supercell environments with the greatest RH from the surface to 700 hPa (RH S-7 ) taken from Bunkers et al. (2006b) . Concurrent information for Tateno, Japan (from Table 2 ), is also presented for ease of comparison. Units, variables, and parcel calculations are defined in Table 2 , except for RH 08C , which is the relative humidity at the melting level. Boldface values contrast moisture in the TAT profile with that from the seven long-lived supercell environments. Refer to section 4 for the corresponding discussion. 
factors that determine the formation mechanism of supercells in a moist environment.
These statements are puzzling. First, as shown in Trewartha and Horn (1980) and Griffiths and Driscoll (1988) Table 3 and Fig. 3 ). In fact, 49% of the soundings from the long-lived supercell environments in Bunkers et al. (2006b) had higher RH than the TAT sounding in the surface-700-hPa layer. In light of these arguments, the RH for the Kanto Plain supercell was fairly typical relative to the RH found in other humid subtropical supercell environments.
Conclusions and summary
Based on the above comments regarding S08, the following conclusions are made with respect to the Kanto Plain supercell:
1) The preponderance of evidence strongly suggests the Kanto Plain storm was a supercell in light of all known definitions presented in the literature. The convective storm contained an updraft with significant vertical vorticity for a period easily greater than both (i) the convective time scale and (ii) the time needed for a half-revolution of the mesocyclone. 2) The Kanto Plain supercell's updraft and downdraft characteristics, as well as its inflow and outflow speeds, were not atypical of other observed supercells, even though they may have fallen toward the lower end of the spectrum.
3) The environment of the Kanto Plain supercell had moderate-to-strong shear for supercell formation, although the CAPE was relatively modest. A reanalysis suggested the MLBRN and SRH 0-3 were not as large as reported in S08, and neither the MLCAPE nor SBCAPE were large based on the CAPE spectrum for supercells.
4) The environment of the Kanto Plain supercell was not exceptionally moist, and in fact the RH profile became drier with time. Moisture profiles similar to that for the Kanto Plain supercell, if not more moist, have been observed and simulated for supercell environments in the United States, especially across the Gulf of Mexico and Atlantic coastal areas.
S08's study represents the first to conduct a dualDoppler analysis of a supercell in Japan. S08 were further able to numerically simulate many of the observed characteristics of the Kanto Plain supercell. Given the rarity of supercells in Japan, this represents an important step in expanding our knowledge of supercell occurrence in this region.
The supposition that RH is a factor involved in the formation of a supercell is perhaps the most significant drawback of S08's study. Accordingly, the conceptual model put forth by S08 is questionable, especially since it is based on just a single case and it is not clear if it provides additional information to a warning forecaster-beyond what is already known about supercell processes. Forecasters have been aware of the balancing act between storm-relative inflow and outflow with respect to supercell evolution for some time [e.g., at least since Brooks et al. (1994) ], and in recent years this has become one key part of tornado forecasting via LCL heights and boundary layer humidity (e.g., Thompson et al. 2003; Craven and Brooks 2004 ). This conceptual model for tornado forecasting has been built on many cases.
Keeping in mind that there is a continuum of storms (e.g., Moller et al. 1994; Doswell 1996) , it should be apparent that there is nothing fundamentally different among mesocyclones with varying lifetimes. This notion of a spectrum of storms is manifest in the variety of definitions that has been applied to supercells over the years. Nevertheless, supercell development has certain implications that should trigger a familiar conceptual model regarding severe weather potential, storm steadiness, and deviant motion. This means that having a baseline definition of a supercell is useful, and not simply a matter of storm classification.
